Cosine Similarity Measure of Interval Valued 
Neutrosophic Sets 


Said Broumi, ‘Faculty of Arts and Humanities, Hay 
El Baraka Ben M'sik Casablanca B.P. 7951, Hassan 
II University Mohammedia- 
Casablanca , Morocco. 
broumisaid78 @gmail.com 


Abstract. In this paper, we define a new cosine similarity 
between two interval valued neutrosophic sets based on 
Bhattacharya’s distance [19]. The notions of interval valued 
neutrosophic sets (IVNS, for short) will be used as vector 
representations in 3D-vector space. Based on the comparative 
analysis of the existing similarity measures for IVNS, we find that 
our proposed similarity measure is better and more robust. An 
illustrative example of the pattern recognition shows that the 
proposed method is simple and effective. 
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I. INTRODUCTION 


The neutrsophic sets (NS), pioneered by F. Smarandache 
[1], has been studied and applied in different fields, including 
decision making problems [2, 3, 4 , 5, 23], databases [6-7], 
medical diagnosis problems [8] , topology [9], control theory 
[10], Image processing [11,12,13] and so on. The character of 
NSs is that the values of its membership function, non- 
membership function and indeterminacy function are subsets. 
The concept of neutrosophic sets generalizes the following 
concepts: the classic set, fuzzy set, interval valued fuzzy set, 
Intuitionistic fuzzy set, and interval valued intuitionistic fuzzy 
set and so on, from a philosophical point of view. Therefore, 
Wang et al [14] introduced an instance of neutrosophic sets 
known as single valued neutrosophic sets (SVNS), which were 
motivated from the practical point of view and that can be used 
in real scientific and engineering application, and provide the 
set theoretic operators and various properties of SVNSs. 
However, in many applications, due to lack of knowledge or 
data about the problem domains, the decision information may 
be provided with intervals, instead of real numbers. Thus, 
interval valued neutrosophic sets (IVNS), as a useful 
generation of NS, was introduced by Wang et al [15], which is 
characterized by a membership function, non-membership 
function and an indeterminacy function, whose values are 
intervals rather than real numbers. Also, the interval valued 
neutrosophic set can represent uncertain, imprecise, incomplete 
and inconsistent information which exist in the real world. As 
an important extension of NS, IVNS has many applications in 
real life [16, 17]. 


Many methods have been proposed for measuring the 
degree of similarity between neutrosophic set, S.Broumi and 
F. Smarandache [22] proposed several definitions of similarity 
measure between NS. P.Majumdar and S.K.Samanta [21] 
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suggested some new methods for measuring the similarity 
between neutrosophic set. However, there is a little 
investigation on the similarity measure of IVNS, although 
some method on measure of similarity between intervals 
valued neutrosophic sets have been presented in [5] recently. 


Pattern recognition has been one of the fastest growing 
areas during the last two decades because of its usefulness and 
fascination. In pattern recognition, on the basis of the 
knowledge of known pattern, our aim is to classify the 
unknown pattern. Because of the complex and uncertain nature 
of the problems. The problem pattern recognition is given in 
the form of interval valued neutrosophic sets. 


In this paper, motivated by the cosine similarity measure 
based on Bhattacharya’s distance [19], we propose a new 
method called “cosine similarity measure for interval valued 
neutrosophic sets. Also the proposed and existing similarity 
measures are compared to show that the proposed similarity 
measure is more reasonable than some similarity measures. 
The proposed similarity measure is applied to pattern 
recognition 


This paper is organized as follow: In section 2 some basic 
definitions of neutrosophic set, single valued neutrosophic set, 
interval valued neutrosophic set and cosine similarity measure 
are presented briefly. In section 3, cosine similarity measure of 
interval valued neutrosophic sets and their proofs are 
introduced. In section 4, results of the proposed similarity 
measure and existing similarity measures are compared .In 
section 5, the proposed similarity measure is applied to deal 
with the problem related to medical diagnosis. Finally we 
conclude the paper. 


Il. PRELIMINARIE 


This section gives a brief overview of the concepts of 
neutrosophic set, single valued neutrosophic set, interval 
valued neutrosophic set and cosine similarity measure. 


A. Neutrosophic Sets 


1) Definition [1] 
Let U be an universe of discourse then the neutrosophic set 
A is an object having the form 


A = {< x: Ty(x), G), Fa(x)>, x E€ U}, where the 
functions T, I, F : U— ]—0, 1+[ define respectively the degree 
of membership (or Truth) , the degree of indeterminacy, and 


the degree of non-membership (or Falsehood) of the element x 
€ U to the set A with the condition. 


0 <T (x) +14 (x) +F 4 (x) <3*. (1) 


From philosophical point of view, the neutrosophic set 
takes the value from real standard or non-standard subsets of 
] 0, 1'[. So instead of] —0, 1*[ we need to take the interval [0, 
1] for technical applications, because ] 0, 1*[will be difficult to 
apply in the real applications such as in scientific and 
engineering problems. 


For two NS, Ays = {<x,Ta(x), Iq (x), Fa(x)> |x EX} 
And Bys = {<x, Tp(x), Ip(x), Fg(x)> | x € X} the two 


relations are defined as follows: 

(1)Ays S BysIf and only if Ta(x) < Tk), 
= Ip(x), Fa(x) = Fax) 

(2) Ays = Bys if and only if, Ty(x)=Tg(x), I, (x) =Ip (x), 
F q(x) =Fg() 


Ta (x) 


B. Single Valued Neutrosophic Sets 


1) Definition [14] 
Let X be a space of points (objects) with generic elements 
in X denoted by x. An SVNS A in X is characterized by a 
truth-membership function T(x), an indeterminacy- 
membership function I, (x), and a falsity-membership function 
F,(x), for each point x in X, T, (x), I, (x), Fa (x) € [0, 1]. 


When X is continuous, an SVNS A can be written as 


A=f <Ta (x), Ia (x), Fa(x),> xEX. 2) 


X 


When X is discrete, an SVNS A can be written as 


A=y2 <Ta (Xj), La), Fa i), > .x, EX (3) 


Xi 
For two SVNS, Asyws = {<X,Ta(X) , In (x), Fa(x)> | x E€ X} 


And Boyys ={ <x, Tp(x), Ip(x), Fp(x)> | x € X} the two 
relations are defined as follows: 


(1) Asyns E Bsyys if and only if Ta(x) < Tg(x), In(x) 
= Ip(x), Fa(x) = Fp) 

(2) Asvys = Bsyns ifand only if, Tax) =Tg(x), I(x) 
=Ip(x), Fa (x) =F g(x) for any x E X. 
C. Interval Valued Neutrosophic Sets 

1) Definition [15] 

Let X be a space of points (objects) with generic elements in 
X denoted by x. An interval valued neutrosophic set (for short 
IVNS) A in X is characterized by truth-membership function 
T, (x), indeteminacy-membership function I,(x) and falsity- 
membership function F,(x). For each point x in X, we have 
thatT, (x), I, 0x), Fa(x) € [0, 1]. 
For two IVNS, Ajyns ={<x, [TE @), TY(X)] 
[FXG FRO] HKG), IY GD] > |x € X} 
And Biyys= { <x, 
[TE (x), TY OO]. [F5 Œ), FY Œ], [1BGO, 18 GD] x € X} the two 
relations are defined as follows: 


(1) Ans © Biynsif and only if TEx) < TE(x),TR(x) 
<T KO 2B 2), Fax) = Faq) 
, F(x) > FY (x). 
(2) Ans = Biyns ifandonlyif, Ty(x)=Ty(x), Ty’) 
=Tg (x), KOE), A0) =p @), F&F), Fa) 
=F} (x) for any x E X. 
D. Cosine Similarity 

1) Definition 

Cosine similarity is a fundamental angle-based measure of 

similarity between two vectors of n dimensions using the 
cosine of the angle between them Candan and Sapino [20]. It 
measures the similarity between two vectors based only on the 
direction, ignoring the impact of the distance between them. 
Given two vectors of attributes, X = (X1, X2, ...., Xn) and Y= 
(Y1; Y2, --- » Yn), the cosine similarity, cos0, is represented 
using a dot product and magnitude as 


vier Xi Vi (4) 


(zt? JZi=1 y? 


In vector space, a cosine similarity measure based on 
Bhattacharya’s distance [19] between two fuzzy set m,(x;) 
and [lp (x;) defined as follows: 


Cos0 = 





Yit1 Hai) eB (xi) (5) 


C,(A, B) = 
[Enaco [Ehina 


The cosine of the angle between the vectors is within the 
values between 0 and 1. 


In 2-D vector space, J. Ye [18] defines cosine similarity 
measure between IFS as follows: 





Dies Ha) UB(e)+Va (Xi) vB (i) 6) 


Cirs(A, B) = 

[eke wad? + vad? [oa ue EDtv 

III. COSINE SIMILARITY MEASURE FOR INTERVAL VALUED 
NEUTROSOPHIC SETS. 

The existing cosine similarity measure is defined as the 
inner product of these two vectors divided by the product of 
their lengths. The cosine similarity measure is the cosine of the 
angle between the vector representations of the two fuzzy sets. 
The cosine similarity measure is a classic measure used in 
information retrieval and is the most widely reported measures 
of vector similarity [19]. However, to the best of our 
Knowledge, the existing cosine similarity measures does not 
deal with interval valued neutrosophic sets. Therefore, to 
overcome this limitation in this section, a new cosine similarity 
measure between interval valued neutrosophic sets is proposed 
in 3-D vector space. 


Let A be an interval valued neutrosophic sets in a universe of 
discourse X ={x}, the interval valued neutrosophic sets is 
characterized by the interval of membership [TE @), TL (x)] 
the interval degree of non-membership [Fk (x), FY (x)] and the 
interval degree of indeterminacy [I$ (x), IY (x)] which can be 
considered as a vector representation with the three elements. 
Therefore, a cosine similarity measure for interval neutrosophic 
sets is proposed in an analogous manner to the cosine similarity 
measure proposed by J. Ye [18]. 
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E. Definition 
Assume that there are two interval neutrosophic sets A and 
Bin X ={ x4, X2 ,..., Xn } Based on the extension measure for 


1 
Cy( A, B)== SP 


fuzzy sets, a cosine similarity measure between interval valued 
neutrosophic sets A and B is proposed as follows 


TAD + TH (xi) (TEADETE DHK i) +14 (Dd) UBC) + 18 i) (FAC) + EY cd) FB OD + FE D) (7) 





F. Proposition 


Let A and B be interval valued neutrosophic sets then 
i. 0< Cy(A,B) <1 

ii. Cy (A, B) = Cy(B, A) 

iii. Cy(A,B) =1 if A= Bie 
Ta (x) = Tg (xi), Ta (xi) = Te (xi), 
(xi) = Ip), Ti) = Ip (x) and 
FE (xi) = FRx), FY) = FE (x;) for i=1,2,...., n 
Proof : (i) it is obvious that the proposition is true according 
to the cosine valued 


i=1 
I (Tad) + TaD)? +4 DHA CD)? + ED + Fal D)? | (TEED + TE RD)? HUB DHB Oa)? + FR i) + Fp XD)? 


(ii) it is obvious that the proposition is true. 

(iii) when A =B, there are 

Ty (x) = Tg (xi), Ta (xi) = Tp (x), 

K(x) = E), Hx) = If (x) and 

FRx) = FRx), FRO) = F(x) for i=1,2,...,n, So 
there is Cy (A,B) = 1 

If we consider the weights of each element x;, a weighted 
cosine similarity measure between IVNSs A and B is given as 
follows: 





1 
CwwlA, B)= 7 i= 


Where w; € [0.1] ,i=1,2,....n ‚and Xj- w; =1. 


If we take w; = Z 
C(A, B). 


, i =1,2,....n , then there is Cwy(A,B) = 


The weighted cosine similarity measure between two 
IVNSs A and B also satisfies the following properties: 


i OS Cwy(4,B) <1 
ii. Cwn (4, B) = Cwn(B, A) 
iii. Cwn(4,B)=1 if A=B i.e 
Ta (x) = TC), Ta (x) = Te (xi) , 
(xi) = Ip), Ta i) = Ip (x) and 
F(x) = FRx), FRO) = Fe (x) for i=1,2,...,0 


G. Proposition 


Let the distance measure of the angle as d(A,B)= arcos 
(Cy (A, B)) then it satisfies the following properties. 


(TAD + TH (xi) TH D+TH (xd) + CK Cea) + 1H Ged) UB Ged) + 1B Oi) + FA ei) + FA D) (FB GD + FR x) (8) 


Bý [rke + TA ODP +A CDH A DHEA ED + FA D)? [rke + TE (i)? + UB +p Ca)? HEFE i) + Fp (xD)? 


i. d(A, B) = 0, if 0 < C,(A,B) <1 
ii. d(A, B) = arcos(1) = 0, if Cy(A,B) =1 
iii. d(A, B) = d( B, A) if Cy(A, B) = Cy(B, A) 
iv. d(A, C) < d(A, B) + d( B, C) if A G B EC for any 
interval valued neutrosophic sets C. 


Proof : obviously, d(A,B) satisfies the (i) — (iii). In the 
following , d(A,B) will be proved to satisfy the (iv). 


For any C= { x;}, A S B & C since Eq ( 7) is the sum of 
terms. Let us consider the distance measure of the angle 
between vectors: 


di(A(x;), B(x;)) = arcos(Cy (A(x;), B(x;))), 

d;(B(x;), C(x;)) = arcos(Cy(B(x;), C(x;))) and 

d;(A(x;), C(x;)) = arcos(Cy (A(x;), C(x;))), for i=1, 2, .., n, 
where 


TAD) + TH (xi) TH CATH DHUA + D) UBD + 1B OD) HEFE) + FA D) (Fg ei) + FY D) (9) 





Cy(A, B)=~ DP 


(TH (xi) + TH (xD) TECDFTE OD) + CBD + 1B OD) UEC) HIED) HEE) + FY Od) (FE CD + FE xD) 


rE [TED + TREDE DAER + Yaa? [oben + TDAH EDHE) + FY ad)? 


(10) 





Ca(B,0)= > Xi- 


Cy(A,C)== Ek 


1 
[ken + W EDAK DAER + Yoo? [Tk + Wan? +aked+d DAER) + FED) 


TED + TH (xi) (TE CD +TE id) + ed) + 14 Ce) CE Ca) HIED) + FA ed + EY ea) (FE Cri) + FE i) an 





For three vectors 


A(xi) = <x, L TEC), Ta (xD), T A), id), [Fr a) - 
Fy (x;)] > 


B(x) = < xi, L TE) . Te (4) LUE) . 1B ei) 1, F8), 
Fy (x;)] > 
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l [rke + Ty (i)? +04 CD44 Cid)? + (FAD + Fal OD)? [ake +T (i)? +E DHE CD)? + (FE CD + FE i)? 


Cxi) = <a, Tee) . TED], El) IE (x) 1, 
[FE (x;) . FË (x;)] >, in a plane , 


If A (x;) S B (x;) S C (x,) T=, 2,..., n), then it is obvious 
that (A(x), C(x) < d( AG), B) + dB), C(x), 
According to the triangle inequality. Combining the inequality 
with Eq (7), we can obtain d(A, C) < d(A, B) + d(B, C) 


Thus, d(A,B) satisfies the property (iv). So we have finished 
the proof. 


IV. COMPARISON OF NEW SIMILARITY MEASURE WITH 
THE EXISTING MEASURES. 


Let A and B be two interval neutrosophic set in the 
universe of discourse X={X1, X2,.,Xn }. For the cosine similarity 
and the existing similarity measures of interval valued 
neutrosophic sets introduced in [5, 21], they are listed as 
follows: 

Pinaki’s similarity I [21] 

SpI= 
Dier{min{T, (xi) Tg Ki)}+min{I, (xi).Ig (xi)}+ min{Fa &i),Fg RD} (12) 
YL, {max{T q (xj), Tp (Ki)}+max{I4 i) IB OH max{F 4 (xi), Fg KD} 


Also ,P. Majumdar [21] proposed weighted similarity measure 

for neutrosophic set as follows: 

= Ei- Wi (Ta (xi): Te (Xi) + 1a (Ki): Ip Ki) + (Fa (Ki): Fe (Ki) 
max(wi VTA (xi)? +a (Ki)? +F a i)? , wiy Tp (Ki)? +1 (xi)? + FB &i)?)) 





Spr 
(13) 


Where, Spy, Spy; denotes Pinaki’s similarity I and Pinaki’ s 
similarity II 


Ye’s similarity [5] is defined as the following: 


Sye (A B) = 1-25, w; [linfT, (x) — infTg (x,)| + 
|supT, (x;) — supTg(x;)| + linfl, (x;) — inflg &;)| + 
|supl, (xi) — suplg(x,)| + linfF, (x) — infFg (x) | + 
|supF 4 (x;) — supF,(x;)I] 
Example 1: 

Let A = {<x, (0.2, 0.2 0.3)>} 


Pinaki similarity I = 0.58 


(14) 


and B= {<x, (0.5, 0.2 0.5)>} 


Pinaki similarity II (with w; =1) = 0.29 
Ye similarity (with w; =1) = 0.83 
Cosine similarity Cy (A, B) = 0.95 
Example 2: 


Let A= {<x, ([0.2, 0.3], [0.5, 0.6] ,[ 0.3, 0.5])>} and B{<x, 
([0.5, 0.6], [0.3, 0.6] ,[0.5, 0.6])>} 


Pinaki similarty I = NA 

Pinaki similarty II(With w; =1) = NA 
Ye similarity (With w; =1) =0.81 
Cosine similarity Cy (A, B) = 0.92 


On the basis of computational study. J.Ye [5] have shown that 
their measure is more effective and reasonable .A similar kind 
of study with the help of the proposed new measure based on 
the cosine similarity, has been done and it is found that the 
obtained results are more refined and accurate. It may be 


observed from the example 1 and 2 that the values of similarity 
measures are more closer to 1 with Cy(A,B) ,the proposed 
similarity measure. This implies that we may be more 
deterministic for correct diagnosis and proper treatment. 


V. APPLICATION OF COSINE SIMILARITY MEASURE FOR 
INTERVAL VALUED NEUTROSOPHIC NUMBERS TO 
PATTERN RECOGNITION 


In order to demonstrate the application of the proposed cosine 
similarity measure for interval valued neutrosophic numbers 
to pattern recognition, we discuss the medical diagnosis 
problem as follows: 

For example the patient reported temperature claiming that the 
patient has temperature between 0.5 and 0.7 severity 
/certainty, some how it is between 0.2 and 0.4 indeterminable 
if temperature is cause or the effect of his current disease. 
And it between 0.1 and 0.2 sure that temperature has no 
relation with his main disease. This piece of information about 
one patient and one symptom may be written as: 

(patient , Temperature) = <[0.5, 0.7], [0.2 ,0.4], [0.1, 0.2]> 
(patient , Headache) = < [0.2, 0.3], [0.3 ,0.5], [0.3, 0.6]> 
(patient , Cough) = <[0.4, 0.5], [0.6 ,0.7], [0.3, 0.4]> 

Then, P= {< x,, [0.5, 0.7], [0.2 ,0.4], [0.1, 0.2] >, < x3, [0.2, 
0.3], [0.3, 0.5], [0.3, 0.6] > ,< x3, [0.4, 0.5], [0.6 ,0.7], [0.3, 
0.4]>} 


And each diagnosis A; (i=l, 2,3) can also be represented 
by interval valued neutrosophic numbers with respect to all the 
symptoms as follows: 


Ay= {< x4, [0.5, 0.6], [0.2 ,0.3], (0.4, 0.5] >, < xz , [0.2 , 0.6 ], 
[0.3 ,0.4 ], [0.6 , 0.7]>,< x3, [0.1, 0.2 ], [0.3 ,0.6 ], [0.7, 0.8]>} 


A= {< x, [0.4, 0.5], [0.3, 0.4], [0.5, 0.6] >, < x , [0.3, 0.5 ], 
[0.4 ,0.6 ], [0.2, 0.4]> .< x3 , [0.3, 0.6 ], [0.1, 0.2], [0.5, 0.6]>} 


A3= {< x4, [0.6, 0.8], [0.4 ,0.5], [0.3, 0.4]>, <x, , [0.3, 0.7 ], 
(0.2, 0.3], [0.4, 0.7]> .< x3, [0.3, 0.5 ], [0.4, 0.7 ], (0.2, 0.6]>} 


Our aim is to classify the pattern P in one of the classes A,, 
A, Az .According to the recognition principle of maximum 
degree of similarity measure between interval valued 
neutrosophic numbers, the process of diagnosis A, to patient P 
is derived according to 


k= arg Max{ Cy( A; ,P))} 
from the previous formula (7) , we can compute the cosine 
similarity between A; (i=1, 2, 3) and P as follows; 


Cy( A; , P)=0.8988,  Cy( A, , P)=0.8560, 
=0.9654 


Cy( Az, P) 


Then, we can assign the patient to diagnosis 
according to recognition of principal. 


A, (Typoid) 


VI. Conclusions. 

In this paper a cosine similarity measure between two and 
weighted interval valued neutrosophic sets is proposed. The 
results of the proposed similarity measure and existing 
similarity measure are compared. Finally, the proposed cosine 
similarity measure is applied to pattern recognition. 
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